CLAIMS 

What is claimed is : 

A gasoline additive for a direct injection gasoline engine which 
comprisesVt least one nitrogen-containing compound selected from the group 
consisting ofV compound (1 A) and a polybutenylamine compound: 
said compouna\(1 A) being represented by the formula 




\ 



•N- 



(la) 



-a 



wherein is selected \om the group consisting of a hydrogen and a 
hydrocarbon group, R^, R^ and R^ are each independently selected from the 
group consisting of a hydrogen a - C^q hydrocarbon group and a group of 
formula (2a) below, a is an integer from 1 to 200, R^ is a - C^o hydrocarbon 
group, b is either 0 or 1 , Z is a g>^crtjp)^elected from Group A below, c is either 0 
or 1 , X is a group selected fron/ Ghpjifp B below, d is an integer from 1 to 3, e is 
an integer from 0 to 2 and the hu^ df\^and e is equal to 3 , 
said formula (2a) being 



R 

_,!;_o4r'-o4- 



-R 




(2a) 



wherein R^ and R^ are each independently selected from the group consisting of 
a hydrogen, a - C^o hydrocarbon group and a S2 - C^o alkoxyalkyi group, R® is 
either a Cg - Cg alkylene group or a C4 - C^o alkylente group having an 
alkoxyalkyi substituent, R^** is hydrogen or a Ci - C30 hVirocarbon group, and f is 
an integer from 0 to 50; \ 



said Group A being constituted by 
(A1) -0-CO- 



\ 
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(A2) - C 0 - 
(A3) -O-CO-R^'- 

\ wherein R^^ is a - alkytene group, 
(A4)\- 0 - C 0 - 0 - R^2- 

wlnerein R^^ is a - Cg alkylene group, and 

(A5) -\:o-o-R^^- 

wherein R^^ is a - Cg alkylene group, 
said Group B being constituted by 
(B1) liydrogeH, 

(82) a - CaXiydrocarbon group, 

(83) an alkanol gtoi^p represented by the formula 

-R^'-cA^/ (3a) 
wherein ^H^"* - C© alkylene group, 

(84) a nitrogen-Witainj^g group represented by the formula 

/ 

, I _17 \ 

(4a) 

\ 

wherein R^^ is a - CsVkyl^ne group, R^® is selected form the 
group consisting of a hydi^gen, a C^- C4 alkyi group or a group 
of formula (3a), R^^ is selecred from the group consisting of a 
hydrogen, a - C30 hydrocarbon group and a group of formula 
(3a), and g is an integer from 1 5, and 

(85) a group represented by the formula 



(5a) 
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wherein R'" is a - alkylene group, R'^ R'^ R'' and R^' 
are each independently selected from the group consisting of a 
hv^drogen, a - C^o hydrocarbon group and a hydroxy! group, 
Y i^selected from the group consisting of a methylene group, a 
methylene group substituted by either a - C^o hydrocarbon 
group, Bnd a hydroxyl group, an imino group, an imino group 
substituted by a - C^q hydrocarbon group or a hydroxyl 
group, or oxygen, h is equal to 1 if e = 1 and equal to 0 or 1 if e 
= 2, with theyproviso that the group — N — (-X )e in formula (1a) 
is replaced hy^a group represented by formula (5a') below if h = 
0; 

said formula (Sa'^lj^g represented by 

R^^ R^° 
I I 
C-C 

■N Y 

-C-C 

\A/herein the N correspori^s to the N in formula (la) and R^®- 
R^^ and Y are as defined ih formula (5a). 
2. The gasoline additive accordinglo claim 1 wherein said component 
(1A) is represented by the formula 

/ r2 p3\ , 



/ 



I I 
■0-C-C- 

R^ R^ 



O-R 



\ 




(la) 



wherein is selected from the group consisting of a hwdrogen, a Ci - 0,2 alky! 
group, a Cg - C^g aryl or alkylaryl group, R^ R^, R" and are each 
independently selected from the group consisting of a hy\^ogen, a C, - Cg alkyi 
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group, and a group of formula (2a), a is an integer from 2 to 200, is a - Cg 
alkylene group, b is 0 or 1 , Z is a group selected from Group A below, c is either 
0 or 1 , xlfe a group selected from Group B below, d is either 1 or 2, e is either 1 
or 2 and thasum of d and e is equal to 3, 
said formula (?a) being represented by 





— R^^ (2a) 

If 

wherein and R® a\ each independently selected from the group consisting of 
a hydrogen, a - Cq aU<yl group, and a C2 - alkoxyalkyi group, R® is either a 
C2 - Cg alkylene group orV C2 - Cq ethylene group having an alkoxyalkyi 
substituent, R^° is a - C2\alkyl group, and f is an integer from 0 to 30, 
said Group A being constitute) 
(A1) -0-CO-/ 
(A2) -CO-, ant 
(A3) -O - CO-R"- 

wherein R^^ is a - alkylene group 
(A4) - O - C 0 - 0 - R^^-\ 

wherein R^^ is a - C4 alM^lene group, 
(A5) -CO-O-R^'- \ 

wherein R^^ is a - C4 alkyie^ne group 

and 

said Group B being constituted by 
(B1) hydrogen, 

(B2) a Ci - 0^2 ^'kyl group or a Cg - C^g aryi^r aryialkyi group 
(B3) an aikanol group represented by the forf^ula 
-R^^-OH (35 
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wherein R^"^ is a - C4 alkylene group, 
a nitrogen-containing group represented by the formula 



I 

R 



-R 



17 



(4a) 



16 



wherein R'^ is a C2 - C4 alkylene group, R^® is selected from the 
groupkConsisting of a hydrogen, a C^- C3 alkyi group, and a 
group o( formula (3a), R^^ is selected from the group consisting 
of a hydrJ^gen, a - 0,2 alkyI group, a Cg - C12 aryl or arylalkyi 
group, and^ group of formula (3a), and g is an integer from 1 to 
4, and 

a group represented by the formula 
R^^R- 



-N 



(5a) 



'91 ' 



wherein R'^s a - C4X|kylene group, R'^ R^^ R^' and R^' 
are each independently selected fronn the group consisting of 
hydrogen, a - Cg alky) gro\)p, and a hydroxyl group, Y is 
selected from the group consi^ing of a methylene group, a 
methylene group substituted by ^C^ - alkyI group or a 
hydroxyl group, an imino group, an^imino group substituted by 
a Ci - Cg alkyI group or a hydroxyl gteup, and oxygen, h is 
equal to 1 if e = 1 and equal to 0 or 1 i\e = 2, with the proviso 
that the group — N -^X )ein formula is replaced by a 
group represented by formula (5a') below it h = 0; said formula 
(5a') being represented by 



\ 



- 76 



R^^ R^° 
I 1 
C-C 

— N Y 

C-C 

\wherein the N corresponds to the N in formula (1a) and R^® - 
and Y are as defined in formula (5a). 
3. The gasoline additive according to claim 1 wherein said component 



(1A) is represented by%the formula 



/ 



\ 



-o-c-c- 



-O-R 



r' /a 



lb 



•N- 



(la) 



/ 



wherein is selected from th^^oup consisting of a hydrogen or a - Cg alkyl 
group, a phenyl group, and ap-\p^s alkylaryl group, and wherein R^, R^, R"* and 

are each independently sfelectSd from the group consisting of a hydrogen, a 
Ci - C3 alkyl group and a group oAfVmula (2a) below, a is an integer from 2 to 
100, R® is a C3 - Cq alkylene group, blFeither 0 or 1 , Z is a group selected from 
Group A below, c is either 0 or 1 , X is a group selected from Group B below, d is 
1, e is 2, and 

said formula (2a) being represented by 
,7 



R' 

— C-O-fR-O- 



-R 



10 



(2a) 



If 



wherein and R® are each independently selecteol from the group consisting of 
a hydrogen and a C, - C3 alkyl group, R^ is a Cj - C4 alkylene group, R^° is a C, - 
0,2 alkyl group, and f is an integer from 0 to 20, 
said Group A being constituted by 
(A1) -0-C0-, 
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CO-, and 
0-C0-0-R^2- 
erein R^^ is a - C4 alkylene group, and 
said Group B being\onstituted by 
(B1) hydrog\ 

(83) an alkandl group represented by the formula 
-R^'-X)H (3a) 
wherein RV is a - C3 alkylene group, 
(B4) a nitrogen-conft^ining group represented by the formula 

/ \ 



(4a) 



g 



wherein R^^ is a c/-\ci/a\ky\ene group, R^^ is selected from the 
group consisting <MaA^drogen, a methyl group, an ethyl group, 
and a group of formula (Ba), R^^ is selected from the group 
consisting of a hydrogenTifCi - Cg alkyi group, a phenyl group, 
a C7 - C9 arylalkyi group anq a group of formula (3a), and g is 
an integer from 1 to 3, and 
(B5) a group represented by the formu\a 

(5 a) 

wherein R^^ is a - C3 alkylene group\ R^^, R^^ R^^ and R^^ 
are each independently selected from the group consisting of a 
hydrogen, a - C3 alkyI group and a hydnoxyl group, Y is 
selected from the group consisting of an imi\o group, an imino 
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# 



group substituted by a - C3 alkyi group or a hydroxyl group 
and oxygen, h is equal to 0 or 1, with the proviso that with the 

roup — N — (• X )e in formula (la) is replaced by a group 
reptesented by formula (5a') below if h = 0; 

said r^rmula (5a') being represented by 

R^^ R^° 
1 I 
C-C 

•N Y 

C-C 
^21^22 

wherein the N corresponds to the N in formula (la) and R^® 
and Y are as defined in formula (5a). 
4. The gasoline additive acJsiording to claim 1 wherein said 
polybutenylamine compound is a comp99fid^ (1 B) represented by the formula 
/ R^^ R^' \ 

-Q— N/ 



,25 



I 



-c— c- 

\ R^« R^^ ./ 



(lb) 



m 



wherein R^^ is selected from the group consisting of an n-butyl group, a sec-butyl 
group, and a tert-butyl group, R^^, R^^ R^^ and R^are each independently a 
hydrogen, a methyl group and an ethyl group, and tiae total carbon number of R^®, 
R^^, R^® and R^® groups is 2, Q is a group representeovby one of formulae (2b) to 
(7b) below, R^° and R^^ are each independently selectecJ from the group 
consisting of a hydrogen, a - C^o hydrocarbon group, skC^ - Cg alkanol group, 
and a group represented by formula (8b) below, and m is a\integer from 1 to 
100, 

said formulae (2b) to (7b) being represented by 
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CH3 CH3 
I I 

— c — c — 
I I 

H H 

C2H5H 

— C — C — 
I 1 
H H 

C2H5 

— C — 

I 

CH3 



(3 b) 



(5b) 



(7b) 



said formula (8b) being represerited by 

\ 



R 



33 /n 



R 



34 



(8b) 



is either a hydrogen or a C, - C4 

hydrocarbon group, and n is an 



wherein R^' is a C, - C4 alkylene gro 
alky! group, is either a hydrogen 
integer from 1 to 5. 

5. The gasoline additive according to Cjlaim 4 wherein said compound 

V 

(1 B) is represented by the formula 



R 



25 



I I 

-c— c— 

\ R^« R^^ 



R 



30 



-Q— N 



(lb) 



m 



wherein either (i) R" is a tert-butyl group, R'^ and R'" areWch hydrogen and R" 
and R'^ are each a methyl group, or (ii) R" is a tert-butyl grVip, R'^ and R^'" are 
each a methyl group and R" and R'^ are each hydrogen, Q i^ group 
represented by formula (2b) or (6b) below, R^° and R^' are each\mdependently 
selected from the group consisting of a hydrogen, a - C^o alkyi Voup, a Cj - 
C,o alkenyl group, a C5 - C^o cycloalkyi or alkylcycloalkyi group, a cV- C^o aryl or 
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alkyla(yl group, a C7 - C^o arylalkyi group, a - Cg alkanol group, and a group 
represented by formula (8b) below, and m is an integer from 5 to 50, 
said formulae (2b) and (6b) being represented by 



H 

I 



CH3 

-C — 
I 

CH3 



H CH3 H 

I I I 
(2b) — c — C — C — 



said formula (8b) being represented by 



I 

H CH3 H 



(6b) 




(8b) 



wherein R^^ is a C, - C3 alkyl^ne group, is either hydrogen or a C, - C3 alkyl 
group, R** is either hydrogen a C, - C3 alkyl group, and n is an integer from 1 

to 3. y / 

6. The gasoline additive arc^rding to claim 4 wherein said compound 
(1 B) is represented by the formula 

/ R^^ R^^ \ 



R 



25 



-c— c- 



-Q— N 



m 




(lb) 



wherein either (i) R^^ is tert-butyl group, R^® a^d R^® are each hydrogen and R^^ 
and R^^ are each methyl group or (ii) R^^ is tert-l^utyl group, R^® and R^® are each 
methyl group and R^^ and R^® are each a hydroge\j atom, Q is a group 
represented by formula (6b), R^*^ and R^^ are each independently selected from 
the group consisting of a hydrogen, a - C^o alkyl group, a C2 - C^o alkenyl 
group, a C5 - C^o cycloalkyi or alkylcycloalkyi group, a Ot - C^o aryl or alkylaryl 
group, a Cy - C^o arylalkyi group, a - C4 alkanol group,\ind a group 
represented by formula (8b) below and m is an integer from\o to 40, 
said formulae (6b) being represented by 
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H C H3 H 



I i 



H CH3 H 
said formula\8b) being represented by 



(6b) 



R^— N- 



,34 



33 /n 



(8b) 



'1 



alkylene group, and is each a hydrogen, and n is 



wherein R^^ is a C, 
an integer of 1 . \ 

7. The gasoline additive according to claim 4 wherein the number- 
average molecular weight of^gkTcompound (1 B) is within the range of 200 to 
6,000. /\ / 

8. The gasoline aqditiv^feccording to claim 4 wherein the number- 
average molecular weight of-^id obmpound (1B) is within the range of 400 to 
3,000. V 

9. The gasoline additive according to claim 4 wherein the number- 
average molecular weight of said compound (1 B) is within the range of 700 to 
2,400. \ 

1 0. A gasoline composition for use In a direct injection gasoline engine, 
which composition comprises a base gasolineVnd at least one nitrogen- 
containing compound selected from the group co()sisting of compound (1 A) and 
a polybutenylamine compound: 



said compound (1 A) being represented by the formu 



\ 



-o-c-c- 



0-R" 



N- 



(la) 



wherein is either a hydrogen or a C, - C30 hydrocarbon gro\jp, R% R^, R and 
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are each independently selected from the group consisting of a hydrogen, a 
C, - C,6 hydrocarbon group, and a group of formula (2a) below, a is an integer 
from 1 to 200, is a C, - C,o hydrocarbon group, b is either 0 or 1 , Z is a group 
selected from\roup A below, c is either 0 or 1 , X is a group selected from Group 
B below, d is an\teger from 1 to 3, e is an integer from 0 to 2, and the sum of d 
and e is equal to 3} 
said formula (2a) bein\ 



— C-0-4-R-0- 
r8 



,10 



(2a) 



wherein R^ and R« are each inVendently selected from the group consisting of 
a hydrogen, a C, - C.o hydrocar^n group and a - C,o alkoxyalkyi group, R^is 
either aC,- Ce alkylene group or - C,o alkylene group having an 
alkoxyalkyi substituent. R^" is a (/ Vso hydrocarbon group, and f is an integer 
from 0 to 50, 

said Group A being constitute 
(A1) -0-CO- 
(A2) - C O - 
(A3) -0-CO-R"- 

wherein R" is a C, - alkylei^ group, 
(A4) -0-CO-O-R^'- 

wherein R^' is a - Cg alkylene g\oup, and 
(A5) -CO-O-R"- 

wherein R^^" is a - Cg alkylene grou 
said Group B being constituted by 
(B1) hydrogen, 

(B2) a C, - C30 hydrocarbon group. 
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(B3i) an alkanol group represented by the formula 
-R^"-OH (3a) 
L wherein R^"* is a - Cg alkylene group, 
(B4) a nttrogen-containing group represented by the formula 



/ 



R 



17 



(4a) 



\ 



.16 



IT1 



whereinXR^^ is a C2 - Cg alkylene group, R^® is selected from the 
group con^sting of a hydrogen, a C^- C4 alkyi group and a 
group of forr^ula (3a), R^^ is selected from the group consisting 
of a hydrogen,\^ - C30 hydrocarbon group, and a group of 
formula (3a), andg is an integer of between 1 and 5, and 
(B5) a group represented W the formula 



(5a) 




R^^ R^^ 




Wherein R^' is a - Cg alkylene group, R'^ R'°, R"^ and R^" 
are each independently selected from the group consisting of a 
hydrogen, a - C^o hydrocarbVi group, and a hydroxyl group, 
Y is selected from the group consisting of a methylene group, a 
methylene group substituted by a - C^o hydrocarbon group 
or a hydroxyl group, an imino group, an imino group substituted 



by a Ci - C10 hydrocarbon group or a hydroxyl group, and 

\ 

oxygen, h is equal to 1 if e = 1 and equaivto 0 or 1 if e = 2, with 
the proviso that the group — N — ^X^e inyormuia (la) is 
replaced by a group represented by formula\(5a') below if h = 0; 
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said formula (5a') being represented by 

I I 

C-C 
/ \ 

— N Y 
C-C 
R^i r2^ 

where\ the N corresponds to the N in formula (la) and R^^ - 
R^^ and Vvar^s ;^efined in formula (5a). 

11 . The gasoline cfSmofofeition according to claim 10 wherein said 
compound (1 A) is contained inX amount of 0.001 to 10 mass percent, based 
on the total composition. 

12. The gasoline compositiorKaccording to claim 10 wherein said 
polybutenylamine compound is containedSn an amount of 0.001 to 10 mass 
percent, based on the total composition. 




^1 
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